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Abstract. In this article, we utilize the powerful sine-Gordon expansion method
(SGEM) in constructing some new solutions to the (2 + 1)-dimensional Boiti-Leon-
Pempinelli equation by using the Mathematica software. We successfully obtain some
new travelling solutions bearing some new structures such as trigonometric function,
exponential function and hyperbolic function structures. We claim that some of our
results are complex in structure. All the solutions obtained verified the the (2 + 1)-
dimensional Boiti-Leon-Pempinelli equation. To illustrate our results, present the
numerical simulation of all the obtained solutions in this study by selecting appropriate
values of the parameters. Furthermore, we give the physical interpretation of all the
graphics. We also give the physical meaning to some of the obtained results in this
study.

1 Introduction

Many aspects in nonlinear science such as mathematical physics, biological science,
physics and chemistry and many more nonlinear phenomena can be explicited in the
style of nonlinear partial differential equations (NPDEs). Of late years, different
analytical techniques have been formulated and employed to search for some new
solitary wave solutions like this models for instance the modified expansion function
method [1], the generalized Kudryashov method [2], the extended homoclinic test
function method [3], the simple equation method [4], the extended hyperbolic function

method [5], the tan( 2 )-expansion method [6], the generalized tanh-function type
method [7], the modified tanh-coth method [8], the generalized Bernoulli sub-equation
function method [9] and many more powerful analytical methods [10-21].
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However, in this study, we used the powerful SGEM [22, 23] in studying the solutions behaviors of
the (2 + 1)-dimensional BoitiLeon-Pempinelli (BLP) equation given by [24]

Upy = (u2 _”x)xy + 2V
(1.1

Ve =V +2uvy

The (2+1)-dimensional BLP equation which arises in mathematical physics, describe the interaction
of the two waves with different distributional relationships. [25].

2 Application

In this section, we employ the SGEM [10, 11] to Eq. (1.1). Performing the travelling wave
transformation,

u=u(x,y,t)=U(E), v=u(x,y,t) =V(E), &= u(x+y—ct) on Eq. (1.1) :

LU 207 —3u? —Pu o 2.1)

By SGEM, Eq. (3.1) is assumed to have the following solutions [10, 11]:

m i
U(e) = El tanh’ l(cf)[Bisech(cf) + Agtanh(£)] + 4., (2.2)

U(w) = g} cosi_1 (W)[B; sin(w) + A; cos(w)]+ A4y - (2.3)
=

we get m =1by homogenous balance technique. Using Egs. (2.2) and (2.3) with m =1, we
obtain the following :

U(&) = By sech($) + Ay tanh($) + 4, 24

and

U(w) = By sin(w) + A} cos(w) + 4., (2.5)

respectively.

Putting Eq. (2.5) and its second derivative into Eq. (2.1), produces an equation in
trigonometric functions. Equating all summation of the coefficients of the trigonometric
functions of the same power to zero, we get the a set of algebraic equations. Reducing the
set of algebraic equations gives the values of the coefficients inclusive. Substituting the
values of the coefficients into Eq. (2.4), gives the solutions to Eq. (1.1).

Case-1:

which gives :
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Fig.1. : The kink-type solution shape of Eq. (2.6) under the values 7 = 0.5, -13 <x<13,-2<y<2
and y = 0.7 for the 2D graphic.
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Fig. 2. : The kink-type solution shape of Eq. (2.7) under the values # = 0.5, -13<x<13,-2<y<2
and y = 0.7 for the 2D graphic.

Case-2 :
1 1 i
AO :_73Al ziaBl :_7,!1:150:15
2 2 2
1
uz(x,y,t)zvz(x,y,t)zw. (2.8)
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Fig. 3. : The singular solution shape of imaginary Eq. (2.8) under the values ¢ =0.5, -13 <x <13,
-1 <y<Tland y = 0.7 for the 2D graphic.

Re| u/ x,y,t|
I I S I X
4 2 /’/ 2 4
/
0.2f
/
/
/
/
0.4+
/
/
/
/
/- 0.6
/
/
/
/
/ 08
//
—_— 10

Fig. 4. : The kink-type shape of real part Eq. (2.8) under the values ¢ = 0.5, -13 <x<13,-1<y<1
and y = 0.7 for the 2D graphic.

3 Conclusion

This study is assigned in constructing some new solutions to the (2 + 1)-dimensional Boiti-Leon-
Pempinelli equation that is used to describe the interactions of two waves with different dispersion
relations in mathematical physics. We successfully found new solutions with some novel structures
such as complex hyperbolic function, trigonometric function and exponential function structures. We
give the physical meaning of some obtained solutions in this study. We also present the 3D and 2D
surfaces of all the obtained solutions together with their physical interpretations. We compare our
results with some substantial results in the literature and we sighted that our results is only just
constructed results with some good structures that have important physical meaning. With these
results, we can say that SGEM is indeed powerful and efficient mathematical tool that can provide
you with the varieties of solution structures when employed to various nonlinear evolution equations.
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